phosphatidylcholine vesicles supplemented with monogalactosyldiacylglycerol (MGDG). Activity of violaxanthin de-epoxidase (VDE) in this system was found to be strongly dependent on the content of M G D G in the membrane; however, only to a level of 30 mol yo. Above this concentration the rate of violaxanthin de-epoxidation decreased. T h e effect of individual thylakoid lipids on VDEindependent violaxanthin transformation was also investigated and unspecific effects of phosphatidylglycerol and sulphoquinovosyldiacyglycerol, probably related to the acidic character of these lipids, were found. T h e presented results suggest that violaxanthin de-epoxidation most probably takes place inside MGDG-rich domains of the thylakoid membrane. T h e described activity of the violaxanthin de-epoxidation reaction in liposomes opens new possibilities in the investigation of the xanthophyll cycle and may contribute to a better understanding of this process.
Introduction
One of the two known reactions of the xanthophyll cycle is de-epoxidation of violaxanthin to zeaxanthin via antheraxanthin as an intermediate [l] . Violaxanthin de-epoxidation is catalysed by the lumenal enzyme violaxanthin de-epoxidase (VDE). In the dark, when the pH in the thylakoid lumen is high, VDE is in the inactive state. Under strong light, the pH in the thylakoid lumen decreases, and VDE binds to the membrane, becomes active and converts violaxanthin into zeaxanthin [ 2 4 ] . Experiments carried out with the isolated VDE revealed that for optimal activity the enzyme requires the presence of the major thylakoid lipid, monogalactosyldiacylglycerol ( M G D G ) , as a cofactor [5-71. M G D G was found to be four times more efficient in precipitating VDE than the second most common thylakoid lipid, digalactosyldiacylglycerol (DGDG), and up to 38 times more efficient than other lipids [S] . In the present study, we measured the de-epoxidation reaction in the system of unilamellar phosphatidylcholine ( P C ) / M G D G liposomes and in the presence of VDE as the only protein.
Materials and methods
PC was purchased from Sigma. M G D G , phosphatidylglycerol (PG), sulphoquinovosyldiacyglycerol (SQDG) and D G D G were obtained from Lipid Products (South Nutfield, Redhill, Surrey, U.K.). Liposomes were prepared by slow injection of the ethanolic solution of lipids with a Hamilton syringe into 0.1 M sodium citrate buffer, p H 5.2, under continuous bubbling with nitrogen. Subsequently, the liposome suspension was extruded through a polycarbonate membrane with a pore diameter of 100 nm.
Violaxanthin was isolated from lucerne (Medicago sativa) by extraction with acetone and saponification followed by column chromatography on silica gel F254 (Merck) in petroleum ether/acetone (4: 1, v/v).
VDE was isolated and purified from 7-dayold wheat leaves grown at 28 "C essentially as described by Hager and Holocher [4] . T h e enzyme activity was determined by dual-wavelength measurements in a DW-2000 S L M Aminco spectrophotometer and separation of pigments was performed as described by Latowski et al. [9] .
Results
Violaxanthin de-epoxidation carried out in liposomes made of a lipid mixture, the composition of which was close to that of the natural thylakoid membrane (50 mol yo MGDG/25 mol yo DGDG/13 mol o/ o P G / 9 mol yo SQDG/3 mol?/, P C [7] ) and which contained 5 p M violaxanthin, showed that apart from the expected deepoxidation products, i.e. antheraxanthin and zeaxanthin, additional unidentified peaks were detected by H P L C analysis. Formation of these additional peaks was not related to VDE activity as they were also formed in the absence of the enzyme. Studies on the effect of individual thylakoid lipids on violaxanthin without VDE addition revealed that their formation is related to the presence of PG and SQDG in the reaction mixture. T h e highest level of VDE-independent violaxanthin conversion was observed when the xanthophyll was incorporated into liposomes made 
Discussion
T h e results presented show that the deepoxidation reaction of violaxanthin can be studied in artificial lipid bilayers, which are a better approximation of natural membranes than the commonly used, undefined system of M G D G aggregates. However, our attempt to use liposomes with lipid contents mimicking the natural lipid composition of thylakoid membranes [7] was not successful because of the unspecific partial conversion of violaxanthin to unidentified products, which complicated the quantitative measurements. T h e VDE-independent conversion of violaxanthin occurring in the presence of P G and S Q D G could be explained by the acidic character of these lipids. It is well known that an acidic environment promotes conversion of violaxanthin into auroxanthin and that some isomerization This work was financially supported by grant no. 6P04A028 I9 from the Committee for Scientific Research (KBN) of Poland. We express our thanks to Marta Skrzynecka-Jaskier for her help in preparing this paper.
